Fragment EcoRI 7 from Ti-plasmid pTi Ach5, a part of the T-DNA in octopine tumors, was cloned in both orientations into pACYC184 and expressed in E.coli minicells. The cells synthesized four proteins from four different coding regions on EcoRI 7. Two of the proteins (M 25.000 and 26.000) were expressed with promoters from the Ti-plasmid fragment, while transcription for the two other proteins (M 18.000 and 74.000) started with a promoter on pACYCi84. The M 18.000 protein represented a fusion product between chloramphenicol acetyltransferase (CAT) on pACYC184 and a part of lysopine dehydrogenase (LpDH), the enzyme synthesizing octopine and lysopine in plant tumor cells. The results suggest that E.coli minicells are a valuable system to study the proteins coded for by the T-region of Ti-plasmids.
INTRODUCTION
Crown gall, a neoplastic disease of many dicotyledonous plants, is the result of a unique system of naturally evolved genetic engineering (1,2). During infection of wounded plants a part of the Ti-plasmid, called T-region, is transferred from Agrobacterium tumefaciens into the nuclei of plant cells (3, 4) . This T-DNA is responsible for tumorous growth and synthesis of various substances, called opines, which can be used by the inducing bacteria as sole source of carbon, nitrogen, and energy (5).
The mechanism of this genetic colonization of plants is poorly understood. Transcripts from the T-DNA are found in nuclear and polysomal RNA (6-10), and at least some of the RNAs are translated in vitro into proteins (11, 12) . The functions of these proteins in plant cells are unknown, with exception of the enzyme responsible for octopine synthesis (12) .
It has proven difficult to identify tumor-specific proteins by translation of hybridization-selected mRNA since the concentration of T-DNA specific transcripts appears to be very low (12) . The few proteins detected so far correspond to at most 20% of the coding capacity of the T-DNA, and since most if not all of the T-DNA is transcribed (10) one can expect the existence of more T-DNA encoded proteins.
We are therefore developing a different approach to study T-DNA specific proteins which uses expression in E.coli to detect and define coding regions on Ti-plasmid fragments known to be present in transformed plant cells. Although proteins synthesized in the bacterial cells may not be identical in all aspects with their counterparts in plant cells, they can be expected to share amino acid sequences. These common antigenic sites could then be used to identify the rare T-DNA specific proteins in plants. We report here the first results obtained with this strategy: The detection of four coding regions on a specific Ti-plasraid fragment and the identification of the structural gene for lysopine dehydrogenase (LpDH), the enzyme responsible for octopine and lysopine synthesis in plant cells transformed with octopine Tiplasmids.
MATERIALS AND METHODS

PLASMIDS AND BACTERIA
A bacterial strain containing fragment EcoRI 7 from octopine plasmid pTi Ach5 cloned in pBR325 was provided by the crown gall research group in Gent (Belgium) (38) . Plasmids were isolated with the cleared lysate technique and two sequential centrifugations to equilibrium in CsCl (13). After digestion with EcoRI, fragments were extracted with phenol and precipitated with ethanol. For recloning the fragments were redissolved and ligated with pACYC184 (14) which had been linearized with EcoRI and treated with alkaline phosphatase. The products were used to transform E.coli 294, and colonies resistant to tetracycline (5ug/ml) and sensitive to chloramphenicol (100 ug/ml) and ampicillin (100 ug/ml) were selected. 
MUTAGENESIS OF MULTICOPY PLASMIDS BY TRANSPOSON TN5
Tn5 mutagenesis of multicopy plasmids was carried out in a strain with a chromosomally located Tn5 transposon (E.coli C600, met::Tn5). Spontaneously occurring Tn5 transpositions onto multicopy plasmids were selected directly by using a gene dosage effect. Cells containing multicopy plasmids with Tn5 ininserts form large colonies on agar plates with enhanced neomycin concentra-tion (150-500 ug/ml). To confirm plasmid located Tn5 transposons, colonies were lysed by lysozyme-SDS treatment (20) . After phenol extraction the lysates were used for gel electrophoresis. Plasmids with Tn5 inserts band -as a result of their increase in size of approximately 6.000 bp -at a position different from that of the original plasmid.
MAPPING OF TN5 INSERTION SITES ON MULTICOPY PLASMIDS
Tn5 insertion sites of multicopy plasmids were determined by restriction analysis. Restriction sites within the inverted repeats of Tn5 (Xho I, Pst I, and Hind III) facilitate the analysis (21). Plasmid DNA was purified by a quick cleared lysate method using Triton X-100 as detergent. After phenol extraction and ethanol precipitation the DNA was directly used for restriction analysis. Digests were performed in presence of 1 mg RNAse/ml restriction buffer. The positions of insertions 1 and 2 together with the size of the corresponding proteins formed in minicells allow a fairly accurate determination of the region on pWK500.1 coding for the M 18.000 protein. Fig. 4 describes the results obtained assuming that three bp code for one amino acid and that the average mass of amino acids is 120. The coding region starts at about +220 bp in the vector plasmid pACYC184, overspans the EcoRI site and extends to about 230 bp into EcoRI 7. Thus, the M 18.000 protein appears to represent a fusion product containing the truncated CAT and part of a protein encoded on the Ti-plasmid fragment.
RESULTS
CLONING OF ECORI 7 IN PACYC184 AND EXPRESSION IN MINICELLS
If this conclusion is correct, expression of the fusion protein is likely to be dependent on the CAT promoter whose position has been mapped (28,29). One would expect, then, that the rate of synthesis of the protein is stimulated by cyclic AMP, since it has been shown that expression of CAT is modulated to some extent by catabolite repression (30, 31) . While studying this effect we noticed that incubation at 37°C selectively favored expression of the fusion protein when compared with 25°C, and since our interest fo- Coding region for the M 18.000 protein synthesized with pwK500.1. The upper line shows the part of the restriction map of pWK500.1 which contains the EcoRI site near the CAT promoter (see Fig. 1 ). Tn5 insertions in position 1 and 2 (see Fig. 3 ) are indicated by arrows. The coding regions (lower part) were calculated from the positions of the Tn5 inserts and the size of the proteins synthesized with the mutagenized plasmids (Fig. 2) .
cussed on this protein, all further experiments were carried out at the higher temperature. Fig. 5A (lanes a,b) (Fig. 5C, lane h) , while the LpDH antiserum recognized only the fusion protein (lane i) although CAT was present in excess in the mixture. These findings demonstrate the specificity of the LpDH antiserum, they confirm the conclusion that the M 18.000 protein represents a fusion with CAT, and they identify the part encoded on the Ti-plasmid fragment EcoRI 7 as part of LpDH.
The question whether the two different antisera recognized the same protein was also investigated with another approach. If the M r 18.000 protein is a true fusion between CAT and LpDH, one expects that the amount of radioactivity precipitated with the two antisera is comparable at different times during the minicell incubations. Fig. 6 shows that the values obtained with antiserum against either CAT or LpDH followed the same curve, indicating that the same protein was precipitated, and this was confirmed for all points by gel electrophoretic analysis (not shown). The results demonstrate furthermore a sharp drop of immunoprecipitable radioactivity after 1.5 h of incubation. This seems to reflect a high instability of the fusion protein in minicells.
None of the other proteins synthesized in minicells with either pWK500. 1 or with pWK500.2 was immunoprecipitated with antiserum against CAT or LpDH. This is of special interest for the M 74.000 protein which was expressed only with orientation II of EcoRI 7 in pACYC184 (pWK500.2, see Fig. 2 ) . The failure to precipitate with CAT antiserum suggests that this protein is not a fusion with CAT, but that its coding region is located entirely on the Tiplasmid fragment, although transcription appears to start at the CAT promoter in pACYC184. The results show that fragment EcoRI 7 expresses four coding regions in minicells of E.coli, and Table 1 summarizes the data. In light of the possible dual role of some of these DNA sequences it is of special interest that two With three of the four coding regions we do not know at present whether they are also expressed into protein in plant cells. T-DNA specific proteins with the size of those formed in minicells (M r 25.000, 26.000, 74.000) were not detected so far after translation in vitro of plant RNA selected by hybridization to EcoRI 7 (Schroder, G. e_t aj^., unpublished), but this may be due to the very low rate of expression which hampers all experiments with this approach (12). However, the more sensitive method of Northern-Blotting showed recently that EcoRI 7 hybridized to four distinct RNAs from tumor cells (Wi11-mitzer, L. et^ al_., unpublished). Interestingly, the four regions coding for plant transcripts appear to correlate with the four regions expressed in £. coli minicells, as far as they are defined at present. Experiments to be published elsewhere suggest that the plant transcripts are larger than the regions expressed in minicells, and in all cases investigated the regions expressed in minicells appear to lie within the regions transcribed in plant cells. Although other explanations are not ruled out, it is tempting to speculate that plant cells and E.coli minicells express at least partly the same coding regions. According to our strategy, antibodies raised against the proteins formed in E.coli minicells will present a powerful tool to investigate these questions.
The feasibility of this approach is demonstrated by the detection of LpDH-specific amino acid sequences expressed in one of the proteins formed in bacterial minicells. Our results indicate that part of the structural gene for this plant tumor-specific protein is on restriction fragment EcoRI 7 of the octopine plasmid and that this part is expressed in minicells as fusion protein with CAT. This conclusion is based on the following observations: (i) the protein is expressed in only one orientation (Fig. 2 ) , (ii) its synthesis is modulated by cyclic AMP (Fig. 5A) , (III) the coding region was mapped by a combined method using Tn5 mutagenesis and expression in minicells (Fig. 2 and 3) . This method was developed by one of us (W. Klipp) and was first employed to study the coding regions for nitrogen fixation in Klebsiella (36), (iv) the protein was specifically recognized by antiserum against CAT and by antiserum against LpDH which had been purified from sterile octopine tumor cultures (Fig. 5B, C) .
LpDH is a M r 39.000 ± 1000 protein in plant cells ( Our results suggest that expression in E.coli minicells is useful to analyze coding regions in the T-region of Ti-plasmids. With respect to a general application of this approach to other DNAs of unknown functions it is necessary to note some points: The T-region of Ti-plasmids may be more amenable to this type of analysis than DNA from a eucaryotic source, since some of the coding regions may be expressed in the procaryotic Agrobacteria. With DNA occurring only in eucaryotic cells it may be necessary to aim for a fusion with a bacterial gene, as described here for LpDH. Although this requires matching reading frames, this should be possible in many cases by cloning overlapping restriction fragments into vectors which allow joining to bacterial genes in different reading frames.
